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During t h e  first q u a r t e r l y  period of t h i s  program, major e f f o r t  was 
devoted t o  t h r e e  areas requ i r ing  basic  dec i s ions .  These were: 
1) Material f o r  t h e  Vacuum I n t e r r u p t e r  enclosure 
and contacts .  
2 )  I n t e r r u p t e r  and ac tua to r  design concepts. 
3 )  F a c i l i t i e s  f o r  making h e a t  run and endurance tes ts .  
While t h e  work was conducted concurrent ly  i n  a l l  areas, it became 
apparent t h a t  proper s e l e c t i o n  of t he  materials required an  e a r l y  so lu t ion  la 
t h e  outgassing and contact  r e s i s t ance  problems which developed. 
progress  was made, and tests i n i t i a t e d  t o  ob ta in  t h e  needed information. 
Def in i t e  
Theoret ical  s t u d i e s  indicated t h a t , i n  t h e  required 1000°F ambient, a l l  
t o  such an ex ten t  t h a t  continued scavengifig poss ib l e  materials would outgas 
would be required.  
d e t a i l  processing and checking. 
The b e s t  fou r  candidate materials were s e l e c t e d  f o r  f u r t h e r  
Those which were ordered f o r  t e s t i n g  included,  
1) Rodar, - a Nickel, Cobalt, Iron ALloy. 
2 )  Thoria dispersed Nickel. 
3 )  Commercially pure Titanium. 
11) Arc c a s t  Molybdenum. 
I 
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Detailed checking of the contact r e s i s t ance  of t h e  switch used for 
t he  Phase I i n t e r r u p t i o n  tests indicated high r e s i s t a n c e  and implied a 
r e s u l t i n g  high temperature problem i n  the  prototype switch.  
A t h e o r e t i c a l  review of  the contact problem, based on using Molybdenum 
f o r  t h e  contac ts ,  provided information which pointed t o  high r e s i s t ance  (9.5 I 
1 milliohm), high l o s s e s  (400 wat ts)  and high temperature r i s e  (250 t o  3 0 O o C )  
when the  c i r c u i t  breaker  i s  carrying 6 0 0 ~ .  
Design e f f o r t  was concentrated on t h e  a c t u a t o r s ,  a f t e r  t he  dec is ion  W S  
made t o  produce a s i n g l e  pole  design for both AC and DC app l i ca t ions .  
l iminary  work on t h e  vacuum i n t e r r u p t e r  u n i t  was inf luenced by t h e  contac t  
hea t ing  problem, so t h a t  d e t a i l e d  s tud ie s  were i n i t i a t e d  t o  determine the  
hea t  t r a n s f e r  requirements.  
Pre- 
The major f a c i l i t y  which must be appl ied  f o r  th i s  program i s  the  oven 
which w i l l  be mounted i n  the vacuum t e s t  chamber for the  hea t  runs,  high 
p o t e n t i a l  t e s t  and 1000 hour endurance check. Design of a s u i t a b l e  oven, 
us ing  q u a r t z  lamps as the heat source,was developed and d e t a i l i n g  s t a r t e d .  
The next q u a r t e r l y  per iod w i l l  provide a dec is ion  on the  proper  
i n t e r r u p t e r  u n i t  enc los ing  m a t e r i a l ,  and firm design l ayou t s  for both the  
AC c i r c u i t  breaker  and the  DC contactors .  With t h i s  information i n  hand, t h e  
o v e r a l l  schedule can be firmed up, p a r t s  order ing  s t a r t e d  and t e s t  planning 
i n i t i a t e d .  
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I1 VACUUM SWITCH TECHNOLOGY 
A, Materials Outgassing and Permeation 
1, Theore t i ca l  Considerations 
The only sources  of  gas  w i t h i n  t h e  j acke t  a f t e r  s e a l i n g  o f f  are outgassing 
and permeation. Actually, t h e  process of "outgassing" involves  permeation, as 
it i s  assumed t h a t  a f t e r  a thorough bake-out t he  sorbed su r face  l aye r s  of gas 
have been removed, leaving only gas molecules buried beneath t h e  su r face  which 
must permeate through t h e  w a l l  t o  t h e  sur face  before  they can e n t e r  t h e  vacuum 
space. 
Despi te  t h e  connection between t h e  t w o  phenomena, they w i l l  be considered 
The d a t a  sepa ra t e ly  i n  es t imat ing t h e  gas  i n f l u x  i n t o  t h e  vacuum space. 
a v a i l a b l e  on permeation and outgassing ( p a r t i c u l a r l y  outgassing a f t e r  a bake- 
out )  a r e  very scarce  and show a g rea t  deal  of scatter. This  i s  because out -  
gassing and permeation a r e  s t rong functions of t h e  me ta l lu rg ica l  s t a t e  of t he  
m e t a l ,  t h e  su r face  roughness and c l ean l ines s ;  i n  addi t ion,  outgassing depends 
upon t h e  degree of bake-out, and permeation depends upon su r face  chemical 
r eac t ions .  A l l  of t hese  condi t ions  a r e  d i f f i c u l t  t o  specify.  
permeation and outgassing d a t a  should be considered approximate a t  bes t ,  and 
may we l l  be  i n  error by f a c t o r s  of 10 or more. 
For these  reasons, 
a. Outgassing - The outgassing of a su r face  w i l l  be def ined as t h e  gas 
load i n  a vacuum due t o  i n f l u x  of molecules o r i g i n a l l y  sorbed on t h e  su r face  
and buried beneath t h e  surface.  Outgassing is  the re fo re  considered independent 
of t he  m e t a l  th ickness  and of t h e  pressure of gas on t h e  outs ide .  
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There are probably not  adequate data f o r  outgassing of metal a f t e r  bake- 
-10 -11 out.  It  i s  estimated, however, t h a t  a f i g u r e  of 10 t o  10  t o r r  l i t e rs  
sec c m  would be des i rab le .  Choosing t h e  l a r g e r  of these  and applying a 
temperature co r rec t ion  of 3-, the outgassing ra te  w i l l  be abaut 3 x 10 t o r r  
l i t e r s  sec c m  , a t  a temperature of 540 C. 
-1 -2 
1 -10 
-1 -2 0 
2 Based upon an outgassing a rea  of about 800 c m  , t h i s  would lead t o  a 
-7 t o t a l  outgassing load i n i t i a l l y  of 2 x 10 t o r r  l i t e r s  per  sec. The gas 
would probably cons i s t  mostly of hydrogen. 
b. Permeation - Permeation w i l l  be defined as the  i n f l u x  of molecules 
which permeate from the  atmosphere surrounding t h e  chamber, through the  chamber 
w a l l s ,  and flow i n t o  t h e  vacuum space. Permeation is therefore  a func t ion  of 
the  w a l l  th ickness ,  and of t h e  pressure and composition of gas ou t s ide  t h e  
chamber w a l l s .  Hydrogen is the main gas t o  be considered, p a r t i c u l a r l y  f o r  
steel w a l l s - .  
2 
Chrome s teel  has a lower permeation r a t e  than low carbon steel by a 
f a c t o r  of about 15 a t  540°C and molybdenum is lower than chrome steel by a 
f a c t o r  of about 10. To estimate t h e  permeation ra te  w e  s h a l l  make the  fol lowing 
assumptions: 
(1) Molybdenum walls 
(2) Hydrogen i s  the only permeation gas of importance 
(3) The p a r t i a l  pressure of hjrdrogen i n  t h e  surrounding atmosphere 
is 0.5 x 10 a t m  ( t h i s  corresponds t o  t h e  p a r t i a l  p ressure  of 
H i n  normal a i r )  
-6 
2 
2 
(4) Permeation ra te  va r i e s  as  t he  square roo t  of p ressure  d i f f e r e n t i a l -  
I 
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. 
The bellows, being the thinnest member, contributes by far the largest 
permeation influx. Assume the bellows thickness to be 0.15 mm (0.006 in.) and 
2 3 the area to be 200 cm . The data given by Norton- for molybdenum at 
54OoC, show a hydrogen permeation rate of about cc (STP) mm. sec“ atm- 1/2 
-2  cm . (In comparison, the permeation rate at room temperature is less than 
about 10’l2. ) 
Using these numbers, the total hydrogen influx at 54OoC, with normal 
atmospheric air surrounding the bellows, would be about 8 x 10’’ torr liters/sec. 
This contribution to the gas load could be eliminated by conducting the 
high temperature testing in a vacuum. 
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2. Test  Resul ts  
A s e r i e s  of vacuum bake-out t e s t s  were conducted a t  s eve ra l  ambient 
temperatures using t h e  ma te r i a l s  test vacuum capsule.  Each successive test  
was conducted a t  a higher  bake-out temperature and w a s  continued u n t i l  evidence 
of vacuum recovery w a s  observed. A t o t a l  of 8 successive tests were conducted. 
The purpose of t h e  t es t  w a s  t o  determine the  temperature a t  which t h e  gas i n f l u x  
w a s  equal t o  t h e  pumping speed a t  an acceptable pressure .  
The pressure  curves i n  Figures 1 and 2 show the  pressure  decreasing 
i n  one t o  two hours a f t e r  reaching a peak. 
i n d i c a t i o n  t h a t  t he  system w a s  l eak  t i g h t ,  compared t o  outgassing r a t e .  
It w a s  assumed t h a t  t h i s  w a s  a good 
The pressure  curve of Figure 3 shows t h a t  t h e  pressure  is  a func t ion  
of temperature and inc reases  and decreases wi th  temperature. From t h i s  it was 
concluded t h a t  t h e  major source of t h e  gas w a s  from the  i n s i d e  w a l l s  of t h e  
chamber. 
t h e  alumina s i d e  walls are 3/8". 
through t h e  chamber w a l l s  w a s  neg l ig ib l e  f o r  t h e  du ra t ion  of t h e  ind iv idua l  
tests and t h a t  outgassing of t h e  114 square inches of s t a i n l e s s  steel w a l l s  w a s  
t h e  major problem. 
The s t a i n l e s s  s t e e l  top and bottom of t h e  chamber are 1 /2"  t h i c k  and 
It w a s  t he re fo re  assumed t h a t  permeation 
From t h e  curves i n  Figure 4 it can be concluded t h a t  i f  t h e  temperature 
had been held constant  a t  720°F t h e  pressure i n  the  chamber would have been 
cons tan t  a t  approximately 1 .5  x Torr. Under these  condi t ions t h e  out-  
gassing of t he  w a l l s  o r  gas  i n f l u x  (Q1 per u n i t  time) i s  equal t o  t h e  gas  
pumped (Q2 per  u n i t  t i m e )  
-6- 
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With no pumping the  gas in f lux  is 
Q1 = V *  
d t  
The pumping speed Q2 i s  
Q2 = SP 
wi th  Q1 = 42 
v &  = SP 
d t  
V = Volume i n  l i t e r s  
P = Pressure Torr 
t = Time seconds 
P = Pressure i n  Torr 
S = Speed L/S 
AP SP 
V A t  
- = -  a l s o  
The estimated pumping speed of t he  system i s  8 l i t e rs  per  second a t  
1.5 x Torr  and t h e  volume of t he  vacuum capsule  i s  0.5 l i ters .  
AP = 8 x 1.5 x Therefor  e -
A t  0.5 
and - Ap = 24 x Torr p e r  second 
A t  
Thus t h e  r a t e  of pressure  increase  is 9 x Torr pe r  hour a t  720°F 
and a t  a p re s su re  of 1.5 x lom8 Torr  t h e  outgassing would raise t h e  pressure  
t o  t h e  range of Torr i n  one hour. 
These r e s u l t s  i n d i c a t e  that  the re  should be a continuing e f f o r t  i n  t he  
study, i n v e s t i g a t i o n  and/or t e s t i n g  o f :  
Fab r i ca t ion  ma te r i a l s  f o r  t h e  vacuum capsule  
Continuous g e t t e r i n g  mater ia l s  and processes  
Methods of continuously pumping 
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3. Materials Se 1 ec t ion 
a .  The selection of materials for the oven, the capsules simulat- 
ing the switchgear, and the miscellaneous hot supporting structure was 
governed by (1) the amount of dissolved gases in the materials, (2) the 
high temperature strength of the material and its fabricability, (3)  
the vapor pressures of the alloying elements at the anticipated temperatures, 
and ( 4 )  availability. 
A material having the minimum dissolved gas content will be obtained 
by limiting the selection of material to that which has been vacuum melted 
and processed in the most acceptable manner. Pickling and cleaning of the 
selected material will be carefully controlled to restrict any additional 
gas absorption to the absolute minimum. Materials containing appreciable 
amounts of chromium, manganese and aluminum,which have marginal to un- 
acceptable vapor pressures at the desired test temperatures,were necessarily 
eliminated from the list of candidates. 
The candidate materials have been reduced to the following four 
selections: 
(1) Vacuum melted RODAR, per General Electric specification BTY36, 
which has the following nominal composition: 26% Ni, 17% Co, 
0.05% max Mn, 0.001% max Pb, 0.001% max Sn, 0.06" max C, bal Fe. 
A typical analysis would be: oxygen, 5 pprn; nitrogen, 200-250 
ppm; hydrogen, 0.2 ppm, approximately. 
-1 2- 
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(2 )  TD nickel (thoria dispersed high purity nickel), per General 
Electric specification B50T97. Typical gas analysis would be: 
15 ppm nitrogen, 5 ppm hydrogen (the oxygen analysis complicated 
by the large amount contained in the stable thoria dispersion), 
( 3 )  Commercially pure titanium, per General Electric specifica- 
tion B50T1. Typical gas analysis would be: 700 ppm nitrogen, 
125 pprn hydrogen. A high oxygen content is indicated; however, 
this oxygen is expected to be in the form of a stable titanium 
oxide and would not normally be available in gaseous form. 
( 4 )  Molybdenum, arc cast, per AMs 7801. Specified gas analyses 
would be: 30 ppm oxygen, 10 ppm nitrogen. 
b .  A Materials Support Program has been defined which will identify 
the gas content of the as-received candidate capsule materials. By a series 
of vacuum heat treatments and subsequent gas analyses, a processing technique 
will be defined which will produce a low level of dissolved gases in the 
materials. 
For this program, small vacuum fusion specimens will be taken from 
each of the materials upon their receipt. Duplicate specimens will be 
heated to appropriate outgassing temperatures in a vacuum system such as 
is shown in Figure 5 .  
Outgassing cycles will be used with times of 6 and 50 hours so that 
-8 the outgassing characteristics may be extrapolated. A vacuum of 10 mm of 
mercury will be maintained during the outgassing tests, 
-13- 
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B. Contact Resistance Phenomena 
-cI 
1. Theore t ica l  Considerations 
The s tudy of contac t  between ma te r i a l  sur faces  has been of concern f o r  
many decades 4'5'6'7y8 i n  connection with a wide v a r i e t y  of problems. 
concerned here  with the  problem of e l e c t r i c a l  contac t  r e s i s t ance ,  b u t  similar 
e f f e c t s  are involved i n  thermal t r a n s f e r  between sur faces  and i n  f r i c t i o n  ar:c 
wear i n  s l i d i n g  sur faces .  Surfaces make contac t  only over a small  fmctdcri c f '  
t he  apparent  area (even when they are  f l a t  within t h e  b e s t  degrees obtaiiiab2.1. 1 
a t  t h e  asperities, or  high spots  of the contour.  
may, t he re fo re ,  t ake  p lace  over only a f r a c t i o n  of 1% of the t o t 9 s l  a rea .  
l eads  t o  high shear ing  s t r e s s e s  i n  s l i d i n g  sur faces  ( a t  t h e  a s p e r i t l e s )  with 
r e s u l t a n t  wear. I n  thermal and e l e c t r i c a l  conduction it l e a d s  t o  the cons t r i e -  
We a r e  
A t  moderate pressures c o c k - %  
'This 
t i o n  re 's is tance phenomena. 
A.l1 of t h e  cu r ren t  flowing through an i n t e r m e t a l l i c  j o i n t  m u s t  pass 
through t h e  a c t u a l  regions of contact  a t  t h e  a s p e r i t i 3 s .  
t hese  a r e a s  are very small, and t h a t  t h e  resu l tan t ,  currer-t  dens i t> ies  will TJ- 
very high. It i s  apparent t h a t  t he  e f f e c t i v e  r e s i s t ance  of the coce t~rLct - l~ ib .  
may then  be s u b s t a n t i a l  (equivalent  t o  a s u b s t a n t i a l  l ecg th  of t h e  eiectroiit. 
which c a r r i e s  cu r ren t  t o  t h e  contact  p o i n t ) .  The contac ts  which may be made 
between hard ma te r i a l s  such as molybdenum f a l l  i n  t.his category of "long COE- 
s t r i c t i o n s "  and the e l e c t r i c a l  r e s i s t ance  of the e lec t rode  i t s e l f  may be large-,%; 
neglected.  
It will be seen +tis:+, 
4 Holm gives expressions i n  h i s  c l a s s i c  work- f o r  t he  equ ipo ten t i a l  surfacez 
sxrrounding the a c t u a l  a rea  of contact  between a s p e r i t i e s e  
fo rm ( f o r  e l l i p t i c a l  contact  area) t h i s  i s :  
I n  h i s  most gepara l  
-15- 
a @ e l l i p i c  semi-axes 
I-I e l l i p i c  parameter 
2 
2 
z 2 2 X -+y+ - = 1  
B 2 +  y2 I-I 2 2  a + l l  
It may be shown t h a t  t h e  reduct ion i n  cons t r i c t ion  r e s i s t ance  which w i l l  result 
from i r r e g u l a r i t i e s  i n  the contac t  area i s  r e l a t i v e l y  small. For example a 
50:l r a t i o  of t h e  major t o  minor axes ( e s s e n t i a l l y  l i n e  con tac t )  w i l l  produce 
a reduct ion of on ly  about 50$. Litt le g e n e r a l i t y  i s  l o s t ,  then,  by assuming 
c i r c u l a r  contac t  areas, with a considerable s i m p l i f i c a t i o n  of t h e  subsequent 
ana lys i s .  The equat ion fo r  these  surfaces  (st i l l  e l l i p s o i d s  of revolu t ion)  is  : 
2 
Z 
2 2  
2 
x++ = 1  
b2 + a P 
a contac t  r a d i u s  - cx. 
x, y, z Cartesian coordinates 
I n  t h e  a c t u a l  contac t  of  r e l a t i v e l y  smooth hard su r faces ,  it may be 
expected t h a t  a f l e x i b l y  mounted contact  w i l l  s e t t l e  i n t o  pos i t i on  on three 
po in t s .  
cen te r  of pressure ,  as sketched i n  Figure 6 , and most of the contac t  deform- 
a t i o n  w i l l  occur a t  t h i s  po in t .  Most of t h e  cu r ren t  wiU a l s o  fiow thi 'wgh t h i s  
area and the contac t  w i l l  behave very much as a s i n g l e  po in t  contac t .  The equi-  
p o t e n t i a l  l i n e s  i n  t h i s  i l l u s t r a t i o n  a re  defined by values  of  which have been 
drawn from the b a s i c  c o n s t r i c t i o n  r e s i s t ance  equat ion:  
I n  genera l ,  one of t hese  poin ts  w i l l  probably l i e  much c l o s e r  t o  t h e  
-1 r IJ p a r t i a l  cons t r i c t ion  
r = -P t an  CjX- r e s i s t ance  R 2 l l a  a 1J. 
P r e s i s t i v i t y  R CT 
The space between equ ipo ten t i a l  l i n e s  encompasses 1/6 of the t o t a l  c o n s t r i c t i o n  
r e s i s t a n c e  (assuming cons tan t  p , t h a t  i s  t o  s a y -  lob  cu r ren t ) .  It may be seen 
tha t  the c o n s t r i c t i o n  vol tage  drop occurs over a very small d.istance i n  the 
immediate v i c i n i t y  of the a c t u a l  contact .  
The c r i t i c a l  parameters i n  t h e  c o n s t r i c t i o n  r e s i s t a n c e  equat ion above a r e  
seen t o  be the e l e c t r i c a l  r e s i s t i v i t y ,  p ,  and the diameter of the contac t  
-16- 
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poin t ,  a .  The r e s i s t i v i t y ,  as a funct ion of temperature, i s  ava i l ab le  from macy 
sources -. The contac t  diameter involves an a p p r a i s a l  of t he  a c t u a l  mechanism 
whereby- the  a s p e r i t i e s  a r e  brought i n t o  s u f f i c i e n t l y  in t ima te  contac t  t o  conduct. 
In  general ,  cu r ren t  concepts ( c f .  - -  5 , 6 ) agree with Holm's e a r l y  conclusion- tha t  
p l a s t i c  deformation w i l l  occur a t  these po in t s  and t h a t  t he  e f f e c t i v e  stress for 
t h i s  e f f e c t  may be chosen a s  t h r e e  times the  compressive y i e ld  stress. 
f i g u r e  appears t o  c lose ly  approximate t h e  hardness, measured with a coni.cal 
9 10 
4 
This 
poin t  (as indeed it should, s ince  similar deformations are involved ) . 
r epor t s  values  of compressive y i e l d  s t ress-  which have been used t o  ca lcu i t i t e  
b?+,ts7 i' 
11 
t he  "hardness" curve shown i n  Figure 7 with the  r e s i s t i v i t y  curve. 
1 2  The diameter of t h e  contac t  spot,  or spotg, may be r e a d i l y  calculated-" 
using t h e  r e l a t ionsh ip :  
2 
TT a H = P/n H "hardness" p l a s t i c  y i e ld  s t r e s s  KS/cm2 
Yielding : P contac t  load  KG 
n number of equal ly  h a d e d  contac t  
a =,/= r r n  H po in t s  
This v d u e  of - a may then be subs t i t u t ed  i n  the  so lu t ion  of t h e  equation f o r  
';he c o n s t r i c t i o n  r e s i s t a n c e  t o  def ine the  contact  r e s i s t ance .  It w i l l  be noted 
t h a t  t h e  diameter of the ind iv idua l  contac t  p o i r t  decreases  as the  load i s  shereti  
by a number of po in t s .  It w i l l  be seen tha t  t h e  add i t ion  of p a r a l l e l  paths ,  each 
of h ighe r  c o n s t r i c t i o n  r e s i s t ance ,  s t i l l  l e a d s  t o  lowered contac t  r e s i s t acce .  
The so lu t ion  of t h e  equation f o r  I' y i e lds  t t x  c v e r a l l  c o n s t r i c t i o n  
IJ. I 
The consfziction r e s i s t s n c e ,  r e s i s t a n c e  for a "long cons t r i c t ion"  when IJ.+ m . 
f o r  the petah i r ,  both e lec t rodes ,  i s  ther, given by: 
-18- 
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2 a  l i m  2 r  = Rc - \ I c r n  I-I 
R = c o n s t r i c t i o n  r e s i s t a n c e  R c 
I 
Subs t i t u t ion  of t h e  value f o r  a from the  deformation equation, and reduct ion 
by p a r a l l e l  pa ths  y i e l d s :  
- 
- 
R = Rc/n = - $ / !  R = contac t  r e s i s t a n c e  0 
The equat ions for  a and R have been used, as seen i n  Figure 8 
the contac t  r e s i s t a n c e  and equivalent  diameter f o r  a vacuum switch with molyb- 
denum con tac t s  (assuming no sur face  contamination) over a range of opera t ing  
temperatures.  
uniform temperature of  the contac t  ma te r i a l  over the  c o n s t r i c t i o n  region, and 
the re fo re ,  correspond t o  low cu r ren t  operat ion.  
tance over  tSf range from room temperature (where the i n i t i a l  tests f o r  t h i s  
program were run)  t o  the t a r g e t  ambient of l,OOO°F w i l l  be about 2 . 8 ~ 1 ,  while an 
e l ec t rode  temperature increase  of about 750°F would increase  the r a t i o  t o  h t l .  
, t o  c a l c u l a t e  - I 
It should be c a r e f u l l y  noted t h a t  t hese  ca l cu la t ions  assume 
The inc rease  i n  contac t  resis- 
It may be seen i n  Figure 7 that  molybdenum shows an i n i t i a l  so f t en ing  
O f  ( l ead ing  t o  machinabi l i ty)  a few hundred degrees above room temperature.  
more s e r i o u s  poss ib l e  consequences t o  the opera t ion  of a high temperature vacuum 
switch i s  the sof ten ing  which occurs between 1,350 and 1,450'K (about 2,100°F). 
This so f t en ing  e f f e c t  w i l l  limit t h e  temperature rise of the  c o n s t r i c t i o n  contac t  
su r f aces ,  bu t  may l ead  t o  a p o t e n t i a l  welding hazard. I n  genera l  then, the 
temperature rise i n  t h i s  switch must not  b r ing  %he a c t u a l  contac t  surfaces i n t o  
t 2 i . S  temperature regime, i f  welding is t o  be avoided. 
'The cur ren t  d e n s i t i e s  encountered i n  the  c o n s t r i c t i o n  region w i l l  be of 
tile order of 100,000 amperes/cm2 and t n e  power d i s s ipa t ed  i n  %is region w& be 
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seve ra l  MW/cm3 so it w i l l  be necessary t o  s e r i o u s l y  consider t h e  hea t ing  e f f e c t s  
i n  t h e  contacts  when high cu r ren t  operation i s  required. 
w i l l ,  therefore ,  be c a r r i e d  out  t o  provide detai led temperat-ure p r o f i l e s  i n  
the e l ec t rodes  and c o n s t r i c t i o n  region under s teady s ta te  operat ian and ucder 
t r a n s i e n t  conditions,  such as the specif ied close-open tes t  cyc le .  These 
t h e o r e t i c a l  s t u d i e s  w i l l  f u r n i s h  information t h a t  w i l l  a i& i n  evaluat ing,  
i n  d e t a i l ,  switch design parameters. 
Additional s t u d i e s  
-22- 
2. Experimental Measurements 
An attempt was made t o  measure the  contact r e s i s t ance  of molybdenum and 
tungsten contac ts  i n  a i r ,  r ea l i z ing  t h a t  an oxide f i lm  would be present  t h a t  
would tend t o  give higher values than when measured i n  a vacuum. 
measured f o r  molybdenum contacts,  however, var ied over such a wide range that 
the  r e s u l t s  w e r e  valueless .  A t  51 l b s  contact force  and a d-c cur ren t  of 15 
amperes the  vol tage drop ranged from 1.3 to  28 m i l l i v o l t s ,  a r e s i s t ance  range 
of 0.086 t o  1.86 milliohms. 
averaged 1.5 milliohms. 
The r e s i s t ances  
The tungsten contacts  were more cons is ten t  and 
Since t h e  mater ia l s  test  vacuum capsule was s t i l l  pumped down t o  a 
Torr a t  room temperature, t he  r e s i s t ance  of the  pressure less than 1 x 
molybdenum contac ts  were measured a t  severa l  contact  forces.  
i s  included i n  Appendix A. Figure 9 
r e s i s t ance  from 1 2  milliohms a t  35 pound contact  force t o  2.8 milliohms a t  
47 pounds. 
The d a t a  recorded 
i s  a curve showing t h e  decrease i n  apparent 
These r e s i s t ance  values included the  r e s i s t ance  of both of the  s t a i n l e s s  
steel electrodes,  0.3 milliohms and t h e  contact  r e s i s t ance  between both of t he  
contact  t i p s  and t h e  e lec t rodes  0.08 milliohms. 
Since t h e  r e s i s t ance  values were measured a t  15 amperes d-c and a r e  
considerably higher than expected the  e f f ec t  of high cur ren t  on the  r e s i s t ance  
w a s  inves t iga ted .  
60 cps power. 
vacuum capsule  f o r  a-c cur ren ts  up t o  300 amperes. The da ta  recorded is  
included i n  Appendix A. The res i s tance  decreases  from 6.6 milliohms a t  30 
amperes t o  1 .7  milliohms a t  300 amperes, as measured i n  the  external  c i r c u i t .  
To obta in  the  high current,  t he  measurements were made using 
Figure io  shows t h e  va r i a t ion  i n  the  vol tage drop across  the  
-23- 
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Figure 9. Contact Resistance vs. Pressure, of Molybdenum Contacts After 
Interruption Tests, with 15 Amp. D.C. 
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Figure 10. V o l t a g e  D r o p  vs.  Pressure, of Molybdenum C o n t a c t s  A f t e r  
I n t e r r u p t i o n  Tests, w i t h  300 Amps A.C. 
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A s  a f u r t h e r  check on the  method of r e s i s t a n c e  measurement the  contac t  
r e s i s t a n c e  of two development samples of vacuum switch manufactured by t h e  
Di s t r ibu t ion  P ro tec t ive  Equipment Department i n  P i t t s f i e l d  were measured. 
These switches had molybdenum contac ts  3/8" i n  diameter.  
spr ing  w a s  ad jus ted  so t h a t  t he  contac ts  j u s t  closed a t  a fo rce  of 1 pound. 
The d a t a  recorded is included i n  Appendix A. The r e s i s t a n c e  value measured 
a t  24 pounds contac t  force  on switch #1 is  s l i g h t l y  less than the  value,  0.3 
milliohms,measured during t h e  development t e s t  of t h e  switch. 
t he  contact  r e s i s t a n c e  a t  24 pounds contact force  w a s  considerably less ,being 
0.18 milliohms. If these resistance values are scaled down in proportion 
to a $E' ratio f o r  50 # contact force,nominal, the resultant 0.207 and 
0.125 milliohms compare closely to the calculated values. 
The counter balance 
For switch R2 
-26- 
C. S ingle  Break Mechanical Design 
To minimize contac t  bounce a new vacuum switch des ign  w a s  presented a t  
t h e  meeting held a t  ATL on February 9, 1965. Figure 11 i s  a ske tch  of t h i s  
design. 
The expected l a rge  bounce of t h e  previous designs w a s  a se r ious  concern 
t o  some members of t h i s  p ro jec t .  I n  l a rge  i n d u s t r i a l  breakers,  cams, l inkages,  
e tc . ,  are u t i l i z e d  t o  minimize bounce. But i n  our environment these  are not 
f e a s i b l e .  Therefore, another  method w a s  required.  The one u t i l i z e d  and shown 
i n  t h e  ske tch  is the  p r i n c i p l e  of a s m a l l  mass backed up by a s t i f f  spring. 
The mass of t h e  moving contact--br idging contac t - - i s  much less than  t h a t  of t he  
previous proposed designs.  
I n  t h i s  design t h e  e l e c t r i c a l  i n su la t ion  f o r  t he  moving contac t  i s  i n s i d e  
of t he  vacuum enclosure.  The amount of creepage pa th  required i s  considerably 
reduced by t h i s  method, and no ceramic t o  m e t a l  s e a l  is  needed. The ceramic 
material i s  u t i l i z e d  i n  t h e  compression mode. The bushings shown i n  the  ske tch  
a r e  commercial vacuum seal types.  
A s  a r e s u l t  of t h e  double break the  gap w a s  decreased t o  1/8l1 and t h e  
fo rce  increased t o  loo#, 50# pe r  contact .  
a t  t h e  meeting w a s  t o  incorpora te  a double bellows. This  would provide a small 
bu f fe r  reg ion  which would be f i l l e d  wi th  an  i n e r t  gas  such as argon o r  krypton 
t o  provide a b a r r i e r  t o  hydrogen permeation through t h e  t h i n  metal bellows. 
This  e f f e c t i v e l y  provides a t h i c k  bellows with only double the  operat ing force  
of a s i n g l e  t h i n  bellows. 
An add i t iona l  request  of t he  group 
-27- 
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Figure  11. Double Break, Low Contact Bounce, Design Concept of 
Vacuum Switch ( I n t e r r u p t e r ) .  
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Additional sketches were made of vacuum switches during t h e  ensuing days. 
Also some contac t  r e s i s t a n c e  t e s t s  w e r e  made. The l a t t e r  ind ica ted  t h a t  t h e  
double contact  was l i k e l y  to  produce too much heat  t o  be p r a c t i c a l .  
t he  s i n g l e  break approach w a s  reac t iva ted .  However, i t  was almost mandatory 
that the  low bounce p r i n c i p l e  be retained.  To have both f ea tu res  t h e  idea  
Therefore, 
presented i n  t h e  ske tch  of Figure 1 2  was proposed. 
I n  Figure 12 , t he  connection t o  the movable contac t  i s  
t h i n  f l a t  laminations.  I f  t h e s e  laminations are .005" th ick ,  
average 2" long,and t e n  a r e  used i n  a group with t hese  groups 
around t h e  con tac t s ;  t h e  r e s i s t a n c e  would be  366 p n i n  n icke l  
a group of p a r a l l e l  
1/2" wide, and 
equal ly  spaced 
a t  800°K. A t  
600 amps t h i s  would produce 131 watts. 
or more of them, or a higher  conduct ivi ty  mater ia l ,  i.e., tantalum. 
Possibly th i cke r  lamina could be used, 
The fo rce  required t o  r o l l  one nickel  lamina through t h e  required 1/4" 
contac t  t r a v e l  is  approximately 1 02.  Therefore, 30 such laminations would 
r equ i r e  less than 2 l b s  t o t a l  force.  This i s  small enough so t h a t  t h i cke r  or 
m o r e  laminat ions could be used. 
dimension or  quant i ty  t h e  r e s i s t a n c e  would lower t o  178 p n a n d  the  fo rce  inc rease  
t o  approximately 3 lbs .  
64 watts wi th  a 50% higher  force.  
quan t i ty  pu t  i n  t o  maintain the  c ross  sec t ion  would reduce force  also,  but a t  
increased f a b r i c a t i o n  d i f f i c u l t i e s .  
I f  molybdenum were used wi th  no change i n  
This  i s  a net  gain as t h e  power l o s s  would be only 
Of course, t h inne r  laminations wi th  a l a r g e r  
Of course, i t  i s  highly e s s e n t i a l t h a t  t h e  laminat ions do not touch, 
e spec ia l ly  a t  temperature, s ince  they w i l l  be very c l ean  and i n  an i d e a l  
welding environment. 
temperature.  
During launch they may touch momentarily but a t  room 
When car ry ing  cur ren t  there  w i l l  be fo rces  tending t o  move them 
-29- 
I. 
Figure 1 2 .  Design Concept of Single Break Vacuum In te r rup te r  
with In t e rna l  Connections t o  Movable Contact 
-30- 
outward which w i l l  not make them touch, when properly designed. Also, when 
car ry ing  cur ren t  t h e r e  w i l l  be c o n s t r i c t i v e  forces  tending t o  co l l apse  t h e  
assembly. How high t h e s e  forces  are,  has not been analyzed y e t .  
The ske tch  shows contac t  s k i r t s  t o  sh i e ld  t h e  insu la t ion .  It a l s o  shows 
t h e  t w o  e l ec t rodes  extending through t h e  tapered i n s u l a t i o n  f o r  heat  s i n k  thermal 
connections. The t ape r s  would be made a t  an angle  t h a t  n a t u r a l l y  locks and a l s o  I 
I t h e  i n s u l a t i o n  (probably high dens i ty  alumina) would be wetted with m e t a l  i n  t h e  
j o i n t  reg ion  so that i t  would a l l  braze together  f o r  a vacuum t i g h t  j o i n t  with i 
I 
I exce l ren t  thermal contact .  It i s  intended t h a t  t he  i n s u l a t i o n  around the  two 
I e lec t rodes  cont inue down i n t o  t h e  heat  sink p l a t e  wi th  the  metal thermal contact  
car ry ing  t h e  hea t  t o  t h i s  sink. 
1 
The des ign  concept a t  p resent  seems t o  be b e t t e r  i n  m o s t  every way than 
t h e  previous designs.  
may use f o r  t h e  vacuum i n t e r r u p t e r :  
The following a r e  d e s i r a b l e  f ea tu res  of any des ign  w e  
1 )  A small diameter bellows, doubled. 
2) 
3)  
4) E l e c t r i c a l  i n s u l a t i o n  should be near t h e  moving contac t  i n s i d e  the  
A l o w  mass moving contact  assembly--low bounce. 
Wipe sp r ing  should be ou t s ide  the  vacuum enclosure.  
vacuum enclosure--small and l i g h t  weight. 
The p ivot  po in t  of t h e  moving contact  should be as near  as poss ib l e  
t o  the  poin t  of contact .  
5) 
The des ign  of fered  meets a l l  of t hese  except number three .  
d e s i r i n g  t h e  spr ing  ou t s ide  is  t o  keep a l l  fore ign  materials ou t s ide  the  vacuum 
envelope t o  reduce t h e  outgassing problems. It is  d i f f i c u l t  t o  g e t  t he  force  
of t h e  sp r ing  appl ied a t  the r i g h t  place unless  it is i n s i d e  t h e  vacuum. A l s o  
The reason f o r  
-31- 
. 
t h e  l a r g e  diameter spr ing  is  a b e t t e r  spring des ign  and t h e  s m a l l  diameter 
bellows is  a b e t t e r  bellows design. 
A phone c a l l  to M r ,  F.L. Perry of the Huntington Alloy Products Divis ion 
of t h e  In t e rna t iona l  Nickel Company, Inc. revealed t h e  opinion t h a t  Inconel "X" 
should not present  outgassing problems even a t  1000°F. 
vacuum da ta  on Inconel 'X". 
He d id  not have bonafide 
Note t h a t  t h i s  design o f f e r s  an a l l  grounded envelope--no need f o r  
e l e c t r i c a l  i n s u l a t o r s  between the  vacuum envelope and the  ac tua to r  s h a f t  and 
ground or frame. 
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I11 ACTUATOR DESIGN 
A. S i n g l e  Pole vs. Multipole Design 
Previous t o  t h e  Pro jec t  Review Meeting of February 9, 1965, a l l  of t he  
AC design concepts were shown a s  30, 3 pole mcdels. 
contact  r e su l t ed  i n  a l a rge  solenoid having approximately 200 l b  of force  a d  
a f l e x u r a l  p ivot  of a s i z e  t h a t  Bendix engineers were quest ioning could be 
manufactured. A t  t h i s  meeting i t  w a s  decided t h a t  the  AC breaker model would 
be a s i n g l e  pole  device a s  wel l  a s  t h e  DC engine contactor .  The following is 
a summary of t h e  f ea tu res  t h i s  dec is ion  brought t o  l igh t - -both  pro and con. 
The 50 l b  force per  
Advantages: 
L e s s  design t i m e - - l e s s  d ra f t ing .  The s i n g l e  pole  design was 
required f o r  t h e  DC Engine Contactor. 
Many of t he  p a r t s  f o r  t h e  AC and DC designs would be the  s a m e .  
W e  planned t o  use t h e  same ac tua tor  mechanism, same solenoid, same 
mounting, same f l exura l  pivots, e t c .  The d i f f e rence  would be i n  
t h e  vacuum switches. The AC requi res  l a rge  contac ts  f o r  high 
c u r r e n t , e l e c t r i c a l  i n su la t ion  f o r  1000 v o l t s ;  while t h e  DC 
r equ i r e s  small contac ts  and heat  s inks  f o r  low cur ren t  carrying 
capaci ty  but increased e l e c t r i c a l  i n s u l a t i o n  f o r  t he  10,000 v o l t  
r a t i n g  . 
The moving mass is appreciably less i n  t h e  s i n g l e  pole  design 
having a small force  solenoid wi th  accompanying smaller armature 
and no sp ide r  t o  car ry  force t o  the  th ree  s i d e  mounted switches. 
-34- 
It can be packaged i n  a tube f o r  a simple, inexpensive ye t  s t rong,  
l i g h t  weight mechanical design. 
The f l e x u r a l  p ivo t s  are smaller and can d e f i n i t e l y  be made i n  a 
1" s i z e  which f i t s  t h e  standard production machines a t  Bendix; 
thus reducing cos t .  
50# contact  force.  
by Bendix t o  engineer t h e  one pivot design. 
Single  pivots  can be used a t  each j o i n t  with 
Only a s ingle  engineering charge w i l l  be  made 
0 Can be t e s t ed  i n  a smaller diameter f a c i l i t y ;  however, it must be 
longer.  The longer f a c i l i t y  would have been required f o r  t he  DC 
model. 
Smal le r  ac tua to r  solenoid and smaller t r i p  solenoid.  
The single pole  design increases  r e l i a b i l i t y  i n  t h e  event one 
pole  f a i l s .  
Disadvantages : 
0 The design r equ i r e s  more t o t a l  f l e x u r a l s  than t h e  s i n g l e  u n i t  
3-phase design. 
The t o t a l  weight of ac tua to r  equipment w i l l  be g rea t e r .  
B. Flexural  Linkages 
1. Bendix Flexural  P ivots  
Bendix Corporation can fu rn i sh  a 1" d ia .  x 1.6" long double ended 
f l e x u r a l  pivot  made of Inconel ' X "  f o r  use i n  t h e  s i n g l e  break, single pole  
50 l b  contac t  force  design. This requires  l inkage arms of 6.25" length  which 
makes t h e  ove r -a l l  des ign  long while  the  s i n g l e  pole  makes it  s lender .  
long s lender  design, i f  mounted from one end--the i n t e r r u p t e r  end--makes a 
poor v i b r a t i o n  and shock design. The center  of g rav i ty  is located i n  o r  near 
This 
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t h e  solenoid--12 inches o r  less up from the base. 
f o r  a device wi th  a 7" d i a .  base. 
dimension of t h e  switch wi th  the  heat  s ink  on the  base end--a very p r a c t i c a l  
method of mounting. 
This is not unreasonable 
The mounting sur face  could be t h e  long 
The polyphase breaker composed of three  s i n g l e  pole  breakers could be 
bol ted o r  s t rapped together.  
I 
2. Al te rna te  Linkage Pivot Design 
Early d iscuss ions  wi th  Beradix on the former t h r e e  pole  design indicated 
that f l e x u r a l  p ivo t s  may be out of t h e  question f o r  t h e  loads involved. 
prompted thinking of o ther  ways of accomplishing t h e  l a t c h  l inkage function. 
This 
I Figure 13 shows a sample mechanism demonstrating an  idea  u t i l i z i n g  extension 
spr ings.  The f igu re ( s )  show t h e  mechanism "latched",and "tripped", i n  Fig.14 . 
Advantages: 
Smal l ,  short ,  l i g h t  weight s t r u c t u r e  f o r  given contact  gap. 
Strong--will  ca r ry  tremendous compression load. 
Inexpens ive. 
Se l f  p ro tec t ing  under dynamic t e n s i l e  forces  as encouztered during 
breaker c losing.  
Disadvantages: 
8 W i l l  g a l l  where wires r o l l  on each o the r  a t  t h e  in s ide  of the  
spr ing opening. 
May f u l l y  "cold weld" which w i l l  f reeze  s t r u t  completely o r  
p a r t i a l l y  "cold weld" which w i l l  cause mald is t r ibu t ion  of bending 
load- -e i ther  would cause eventual f a i l u r e .  
-36- 
Figure 13. Extension Spring Type Strut Model for Switch Actuator 
(Latched Position). 
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h 
. - .-. . -  _ - .  
Figure 14. Extension Spring Type Strut Model for Switch Actuator 
(Unlatched Position). 
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The disadvantages a r e  serious,  not minor, and therefore  t h i s  design 
has not been continued. 
It may be poss ib le  t o  use mater ia ls  f o r  the  spr ings t h a t  w i l l  not 
"cold weld" i n  the  environment, but t h i s  i s  a separa te  development not deemed 
p a r t  of t h i s  pro jec t .  
da t a  on "cold welding" c h a r a c t e r i s t i c s  of Inconel 'X" i n  a high temperature 
vacuum environment. 
The In t e rna t iona l  Nickel Co. could not provide d e f i n i t e  
C. Solenoid Design 
1. Actuating. Solenoid 
Early i n  t h e  Phase I1 projec t  a solenoid was designed t o  operate  the  
th ree  phase, t h ree  pole, s ing le  break AC breaker. After  t he  meeting of 
Feburary 9, a new solenoid design was made t o  operate  a s i n g l e  pole AC breaker. 
Figure 15 shows t h i s  solenoid. It is designed t o  provide a s t a r t i n g  force  of 
32 lbs,  a t r a v e l  of 3/8",  and an ending force  of 70 lbs .  This is done with a 
cur ren t  dens i ty  i n  t h e  c o i l  of 7650 amps/sq. in .  
one second the  thermal r i s e  w i l l  be approximately 17OF i f  the  c o i l  is  made of 
tungsten wire. The armature w i l l  weigh less than 1 lb.  
I f  t h i s  current  flows f o r  
2 .  T r i p  Solenoid 
A t r i p  solenoid w a s  designed for  t he  th ree  phase, th ree  pole, s i n g l e  
break AC breaker. 
s t roke .  
break model but is  expected t o  be nearly the  same size.  
It is approximately 2 1/4" d ia .  x 2 3 / 4 "  long having 1/4" 
This solenoid i s  undergoing redesign f o r  t he  s ing le  pole, s ing le  
3. F lex ib l e  Diaphragms 
I n  the  second monthly report  Figure 2 presented a diaphragm 
conf igura t ion  and t h e  test f ix tu re .  That configurat ion las ted  about 1300 
-39- 
Connects to Latch Linkage 7 I 
I Upper Diaphrag 
Lower Diaphragm 
Connects to Vacuum Switch 1 U L  
Figure 15. Main Solenoid & Diaphragms 
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- 
cycles  t o  f a i l u r e .  
very disappoint ing.  
Modifications were t r i e d  wi th  t h e i r  r e s u l t i n g  l i f e  being 
A study of t h e  a c t i o n  revealed t h a t  t h e  r i g h t  conf igura t ion  should 
remove t h e  t ea r ing  stress and r e s u l t  i n  nearly s t r a i g h t  bending. Paper and 
cardboard models were made of t h e  o r ig ina l  and two subsequent designs.  The 
la t te r  of t hese  was deemed worthy of construct ing a m e t a l  model f o r  tes t ing .  
Since t h i s  des ign  w a s  inherent ly  more f l e x i b l e  both a x i a l l y  and r ad ia l ly ,  
t h ree  thicknesses  were made--.005, .010, and .015" i n  s t a i n l e s s  steel shim 
stock. A quant i ty  of p l a t e s  were simply stacked up, clamped together,  and 
machined as a group. 
One .005" t h i c k  w a s  t e s t ed  a t  3/8" t r a v e l  f o r  6000 cyc les  before 
f a i l u r e .  A second diaphragm .010" th i ck  w a s  t e s t ed  with t h e  same t r a v e l  f o r  
12,000 cyc les  before cracking. 
Inconel "X" but s t a i n l e s s  s t e e l  can be used a t  1000°F and may ac tua l ly  be 
b e t t e r  material f o r  t h e  diaphragms. This w i l l  be inves t iga ted  fur ther .  
It w a s  intended t h a t  t h e  diaphragms be made of 
With t h e  long f a t igue  l i f e  t he  present des ign  i s  a good diaphragm 
design. 
The same design scaled down i n  s i z e  w i l l  be used f o r  t he  diaphragms f o r  t h e  
t r i p  solenoid.  
The necessary too l ing  is ava i lab le  f o r  t h e  main solenoid diaphragms. 
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I V .  ENDURANCE TEST FACILITIES 
A. Vacuum Chamber and Heated Oven 
The furnace f o r  t h e  environment t e s t  po r t ion  of t h e  switchgear program 
w i l l  be designed i n t o  an e x i s t i n g  24 inch diameter Varian vacuum tank, loca ted  i n  
t h e  SPPS Lab Area A of Bldg. 701. 
on Figure 16 (Drawing 941D609). 
inches diameter by 35-1/2 inches high. 
A layou t  of t he  furnace i n  tne  tank i s  shown 
The i n t e r n a l  dimensions of t h e  furnace are 19 
The furnace w i l l  be heated t o  1000°F around t h e  circumference and on the  top  
and bottom with General E l e c t r i c  quartz  lamps. 
hea t ing  t h e  furnace t o  a temperature i n  t h e  neighborhood of 1300°F t o  hss ten  the  
outgassing of t h e  furnace s t ruc tu re .  
The furnace top, s ides ,  and bottom w i l l  be independently cont ro l led  t o  in su re  p r q e r  
temperature d i s t r i b u t i o n  within t h e  furnace.  The e l e c t r i c a l  c i r c u i t s  t o  the  
The lamps w i l l  be capable of 
The furnace w i l l  have " three zone" cont ro l .  
lamps w i l l  be arranged i n  such a way t h a t  ind iv idua l  lamp burnout can be de tec ted .  
The ma te r i a l  used i n  the  construct ion of the  furnace w i l l  be an i ron ,  n icke l ,  
coba l t  a l l o y  known as Kovar o r  Rodar. It i s  a vacuum melted, vacuum c a s t  a l l o y  
t h a t  has  the  low outgassing q u a l i t i e s  necessary for high vacu'm serv ice .  
Rodar i s  ava i l ab le  only i n  s t r i p  stock 4 inches wide by C . l  inch th i ck .  
fo re ,  t h e  4 inch width of t h e  Rodar d i c t a t ed  a furnace design cons is t ing  of vertic.32 
s la t s  with each s l a t  containing a quartz lamp and r e f l e c t o r .  The r e f l e c t o r  i s  
made from alternate l a y e r s  of 0 . 0 0 3 ~ n c h  Rodar t h a t  w i l l  be r o l l e d  from t h e  0.1 
The 
There- 
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. 
inch o r i g i n a l  mater ia l ,  and wire forms. 
behind each lamp t o  maintain t h e  hea t  loss t o  t h e  vacuum chamber a t  a l e v e l  con- 
s i s t e n t  with t h e  chambek heat  removal capaci ty .  
equal ly  spaced around the  circumference of t he  furnace t o  give good temperature 
d i s t r i b u t i o n  during t h e  tes t .  
Several  r e f l e c t o r  l a y e r s  w i l l  be used 
A t o t a l  of 18 lamps w i l l  be 
The top  and s i d e s  of the  furnace are  welded toge ther  t o  f a c i l i t a t e  removal 
of t he  furnace f o r  access t o  t h e  switchgear under t e s t .  Access t.0 t h e  switcl.:-. 
gear  i s  accomplished by l i f t i n g  up t h e  b e l l  of t h e  vacuum chamber with the 
h o i s t  provided with the chamber, then by l i f t i n g  the  top and s ides  of the  l’i-:!zce 
with t h e  same h o i s t .  The e l e c t r i c a l  connections t o  the  top  and s i d e  lamps will 
have t o  be disconnected, along with any thermocouple connections, p r i o r  t o  
l i f t i n g  the furnace t o  expose the switchgear. The bottom of the  furnace i s  
permanently fastened t o  t h e  bottom of the vacuum chamber by l+ fabr ica ted  Rodar 
l e g s .  The bottom of the  chamber i s  lamped f o r  proper temperature con t ro l  and 
i s  constructed as a r i n g  and d i s c  t o  p e m i t  evacuation of t h e  i n t e r i o r  of t h e  
furnace.  A l l  e l e c t r i c a l  and cool ing a i r  connections t o  the switchgear w i l l  be 
ducted t o  t h e  i n s i d e  of the  furnace through t h e  vacuum feed-throughs of t h e  
tank,  t h e  r ing ,  and d i s c  bottom of the furnace.  
* 
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APPENDIX A 
Contact 
Force 
Pounds 
, 35 
39 
43 
47 
Molybdenum Contact in Materials Test Vacuum Capsule. 
Capsule Pressure Less than 1 x 10’8 Torr at Room 
Temperature 
DC 
Current 
Amp eres 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
1 5  
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
Voltage 
Drop 
Volts 
0.185 
0.18 
0.18 
0.18 
0.084 
0.094 
0.098 
0.098 
0.096 
0.096 
0.062 
0.065 
0.064 
0.060 
0.062 
0.066 
0.062 
0.046 
0.044 
0.040 
0.042 
0.043 
0.041 
0.041 
Res is t ance 
Milliohms 
12 avg. 
6.4 avg. 
4.2 avg. 
2.8 avg. 
Contacts opened and closed between successive measurements. 
Current adjusted to 15 amperes for each measurement. 
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APPENDIX A (Cont'd) 
Contact 
Force 
Pound s 
47 
Molybdenum Contact i n  Materials Te  t Vacuum Capsule. 
Capsule Pressure Less than 1 x 10 
Temperature 
-8 Torr a t  Room 
60 cps 
Current 
Amperes 
30 
60  
150 
220 
300 
60 cps 
Voltage 
Drop Resistance 
Volts M i  1 1 iohms 
0.2 6*7  
0.22 3.7 
0.34 2.3  
0.44 2.0 
0.51 
60 cps a-c  power w a s  obtained from 2 current  transformers with the  high 
t u r n  winding connected i n  p a r a l l e l  t o  an ad jus t ab le  vol tage source. The 
s i n g l e  t u r n  windings of t he  transformers were connected i n  se r i e s .  
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APPENDIX A (Cont'd) 
P i t t s f i e l d  Vacuum Switches 
Room Temperature 
Molybdenum Contacts 3/8" Dia. 
Switch #l 
Contact 
Force 
Pounds 
13 
24 
Switch #2 
13 
24 
D-C 
Current 
Amperes 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
Voltage 
Drop Resistance 
Volts M i  11 iohms 
0.0045 
0.0042 
0.0044 
0.0045 
0.0044 
0.0037 
0.0037 
0.0035 
0.0035 
0.0035 
0.0045 
0.0041 
0.0042 
0.0043 
0.0042 
0.0027 
0.0027 
0.0027 
0.002 7 
0.0026 
Contacts opened and closed between successive measurements . 
Current adjusted t o  15 amperes f o r  each measurement. 
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0.29 avg. 
0.24 avg. 
0.28 avg. 
0.18 avg. 
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